A mutant strain of Escherichia coli with temperature-sensitive peptidyl-tRNA hydrolase grows at 300C but, when shfted to 400C, dies at rates affected by physiological, pharmacological, and genetical perturbations. The rate of killing correlates with the relative accumulation of peptidyl-tRNA, suggesting that it is responsible for the death of the cells.
The enzyme peptidyl-tRNA hydrolase, referred to below simply as hydrolase, catalyzes the hydrolysis of N-acylated amino acids from N-acyl-aminoacyl-tRNA's that are not bound to ribosomes. We have previously reported the isolation and characterization of a strain of Escherichia coli that has a mutation in the structural gene (pth) for hydrolase. This mutation allows the enzyme to be rapidly and irreversibly inactivated at elevated temperatures (1, 4) . E. coli cells with the temperature-sensitive hydrolase can grow exponentially at 300C, but when cultures are shifted to 430C there is an accumulation of peptidyl-tRNA and an inhibition of protein synthesis (1, 2, 4) . Also a fraction of the cells die, unable to form a colony when replaced at 300C (J. R. Menninger, Fed. Proc. 33:1335, 1974) . Data presented below suggest that the peptidyl-tRNA that accumulates after the inactivation of hydrolase is responsible in some way for the death of cells.
The fundamental observation is shown in Fig.  1 , which depicts the fractional survival of a culture of E. coli strain ts8 at various times after shifting the temperature to 43°C. There was usually evidence of a lag before killing was observed, and the final fractional survival was in the range of 1 to 10%. The density of cells at the time of temperature shift appeared to have little influence on the kiling, provided the cells were growing exponentially. Figure 2 shows the effects of chloramphenicol and erythromycin on cell survival. Doses were chosen as the minimum necessary to inhibit growth of the wild-type CA244 cells at the elevated temperature (data not shown). Antibiotic was added 15 min before and was present during the incubation at 400C to guarantee that an t This is paper no. 5 in the series "Studies on the Metabolic Role of Peptidyl-tRNA Hydrolase." The preceding paper is reference 3. effective dose would be present at the time of the temperature shift. Chloramphenicol at 4 uig/ml completely prevented the death of the ts8 cells at 400C. This is consistent with this drug's effect on the accumulation of peptidyl-tRNA, which is ignificantly slowed in cultures treated the same as those depicted in Fig. 2 (2) . Other antibiotics known to block elongation ofpeptides also protected ts8 from being killed at high temperatures (data not shown).
In contrast, the presence of 80 ug of erythromycin per ml enhanced both the rate and extent of killing of strain ts8 at 400C. This, too, is consistent with the effects of erythromycin on the rate of dissbciation of peptidyl-tRNA from ribosomes and its accumulation in the cells with inactivated hydrolase (2) . This is another manifestation of the mechanism of antibiotic action of erythromycin, namely the destabilization of the peptidyl-tRNA/ribosome binding interaction (2, 5) . Other macrolide antibiotics have similar effects on the survival of pth strains (J. R. Menninger, manuscript in preparation).
The unperturbed fractional survival of 1 to 10% was stable, neither increasing nor decreasing for at least 24 h (data not shown), and did not increase if the colonies were incubated at room temperature, rather than 300C (data not shown). The surviving cells were essentially identical genetically to the starting culture, since the frequency of phenotypic revertants, celLs able to grow in liquid culture at nonpermssive temperatures, was less than 10-6. Furthermore, when the survivors were replaced at 300C and grown for a few generations, they died with a time course similar to Fig. 1 after being shifted to a nonpermissive temperature (data not shown).
The growth of the survivors at 300C did not seem to be synchronized (data not shown). The rate and extent of killing of ts8 celLs placed at 400C were not greatly different if the celLs were first grown in minimal medium lacking amino acids and with glycerol as a carbon source (data not shown).
The data of Fig. 1 and 2 show that shifting a culture with a temperature-sensitive peptidyltRNA hydrolase to nonperrnissive temperatures leads to death of most of the cells. This cytotoxic effect is positively correlated with the immediate accumulation in the cells of peptidyl-tRNA that dissociates from ribosomes during protein biosynthesis (2, 3) .
The correlation is maintained during physiological, pharmacological, and genetic perturbations. Starving the cells for an amino acid enhances both the accumulation of peptidyltRNA's and the rate and extent of killing (A. C. Caplan, P. E. Gingrich, and J. R. Menninger, unpublished data). Drugs, such as chloramphenicol, that block the accumulation of peptidyltRNA (2) also blocked the cytotoxicity (Fig. 2) At zero time the cultures were diluted into prewarmed, aerating medium at 400C containing the drug or diluent as required. Further sampling was performed as described in Fig. 1 .
accumulation of peptidyl-tRNA (2), enhanced both the rate and extent of killing (Fig. 2) . Mutations have been found that reduce both the rate of accumulation of peptidyl-tRNA and the rate of killing (e.g., reLA; J. R. Fig. 2, chloramphenicol data) . There must be an irreversible element in the cell's response that makes it unable to escape the accumulation of peptidyl-tRNA. Further, one needs to explain the apparent immunity from being killed of a significant fraction of unperturbed cells at high temperature (1 to 10%; Fig.   1 and 2) .
A plausible but unproved model can be built on the assumptions that (i) all hydrolase molecules that are in the cytoplasm at the time of temperature shift are immediately and irreversibly inactivated (see ref. 4); (ii) no very active alternate scavenging system exists for peptidyltRNA; and (iii) doomed cells are those that were not translating an mRNA that specified hydrolase at the time of severe inhibition of protein synthesis. The surviving cells are presumed to escape being killed by completing, at a very low rate, the synthesis of at least one nascent hydrolase chain on return to the low temperature.
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